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The acquisition of systems is as much an art asiense, a premise that is
underscored by the limited understanding of theialdes found in complex
systems-of-systems. Moreover, the art and sciesseceted with acquiring
systems has been steadily increasing in complesitthe various technologies
being acquired have made huge advances in capabilitOne of the most
challenging types of acquisition to execute welhit requiring the development
of an unprecedented system-of-systems or an uliige | scale system. The
challenges to the acquisition staff range the spectof those faced at all levels
in the acquiring organization from that of the mastnior leadership and
management, through those architecting the systtomn to the individual
engineer executing technical tasks as a part ottreept, design, development,
fielding, and sustainment of such systems-of-sgstesadership theory based
on transformational and transactional leadershiglss assists in highlighting
leadership problems in unprecedented acquisiti@wupled to these challenges
are the clearly demonstrable requirements for eleser linkages between each
of the discrete functional levels within the acingrorganization. The study of
the essential nature of theses linkages, and hew gerformance can severely
impact the probability of success and effectiveneSsthe acquisition, is
examined through the evaluation of a number of @kentase studies. Using
analytical insight derived from these case studiesnpbined with the application
of current theories on leadership and managemdns paper evolves the
transdisciplinary premise by articulating that lesxdhip and technical execution
must be tightly linked especially when developimgreacedented systems-of-
systems.
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1. Introduction

Acquiring complex systems in the*2Century incorporates both the art of executing
an acquisition and the sciences necessary forngdealith complex system components.
Throughout the acquisition of complex systems imi@tion represents thide’s blood
that must flow freely between and among all pafthe acquisition organization in order
for there to be an overall successful outcome (RsfeAcquisition Assessment Panel,
2006, Vandergriff, 2006, & Raduege, 2004).

This prevalence ohformation networking technologiésve led to the desire to create
operational systems that are tied tighter and e¢igtdgether within their enterprise until,
ultimately, the enterprise itself must be viewe@dnaged, and even acquired as a system-
of-systems. To meet the issues emanating from dhniables associated with a specific
acquisition, specific assumptions must be madederao meet those outside variables.

In a broad, commercial, context many such systef-systems are acquired
successfully. Examples of such successes includgrated electronic mail and calendar
services, financial accounts receivable systemd, many others. The differentiating
point is that these successful, complex systensystiems, by their very existence, are
considered precedented In other words, each such system addresses #darsim
functionality developed earlier using older, lesmplex, technologies.

The leadership and management ipracedentedacquisition are better able to
articulate a vision that is not only more easilyderstood, but also a vision that the
technical people know how to soheven if the solution is complékuman & Scotti,
1996). The executing management is able to efielgtimeasure the progress of the
technical engineering staff, as the managemenhadsxperience in which metrics have
been successful predictors of effective performaimcéhe past. Based on such past
experienceprecedentedystems are often acquired with little difficuttie

More challenging is when leadership envisicarg] requires, the acquisition of an
unprecedentedsystem-of-systems. In this scenario, tgrecedentechature of the
system can lead to the fact that the vision itsa#, articulated within the system
architecture, may not be easily understood as @®s glown the execution lifecycle.
Moreover, the technical engineering implementerg ma know of any architecture that
meets such a vision. The urge is for technicalire®ging personnel to simplify the
problem to one they can solve. This propensity lead to a divergence between the
leadership vision and the ultimate technical sohuti

Moreover, the intervening management is unjikelbe measuring all the right factors
involved with the technical tasks, as thneprecedentedature of the system means that
there are areas that hamet been dondefore. At bottom, in this scenario there is no
guidebookfor which metrics to collect that might serve asdictors of effectiveness or
what the values of those metrics should be. I sucenvironment, managers will likely
revert to measuring thenprecedentegbroject in a way that is predicated on how they
have succeeded in the past; hence they will eithes collecting some pertinent metric,
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or insist on interpreting the metrics as if thejpcbis similar to the one in the past. It is
incumbent upon senior leadership to remain awaseich masking tendencies and, while
being on the look out for indicators, they musbaisinforce the originalinprecedented
vision. Once again, theinprecedentedhature of the system means such assumptions
might not work.

A major question before us is how should arapization link between the leadership
level, through the middle-management level, to tdehnical operations level so as to
ensure that the vision and requirements are adelguaticulated? This paper presents
selected evidence of how this critical linkage igficult to forge or broken in
unprecedentedystems-of-systems, and offers a leadership mdeandle the unique
challenges of this class of systems.

In order to describe this connection, the papelivided into a number of Sections.
Section 2 addresses essential background informatiout systems-of-systems and the
clarity differentiating acquisition leadership anthnagement. Section 3 discusses the
acquisition leadership dynamics that will be coaesgd while analyzing the case studies
by outlining the principles of transactional vergemnsformation leadership, how the
organizational structures can be described, andn#tare of the dynamics between
leadership and architectur&ection 4 provides three system-of-systems aconsit
development, and user verification case studies disdusses the analysis of the
similarities and differences between those casddtaeir applicability in the evolution of
the leadership model. Section 5 provides the initioughts pertaining to a new
leadership model for application imprecedented@cquisitions. Section 6 summarizes
conclusions drawn from this work and provides sstggk directions for future research.

2. Background and General Overview

This paper views a system-of-systems within theteodnof transformation and net-
centricity which are the current perspective beiagplied across the acquisition
community in the United States Federal Governméntorder for these terms to be
harmonized to the authors’ intent, appropriateyitying definitions are provided.

What is é5ystem-of-Systefhs

In considering what constitutes a System-oft&ys (SoS), we first must ask and
respond to the question concerning the differerte/dien ssystemand aSoS A straight
forward definition is that asystemis a group of elements that interact and function
together as a whol@/Nebster's 1996). Based on this definition, a SoS wouldhbe in
which a group of systems, rather than the part-efds) interact and function together as
a whole. This has led to the creation of a seoviedifferentiating characteristics for
systems (Boardman & Sauser, 2007gutonomy of component systems,
belonging/ownership, connectivity, diversity mamagat, and nature of emergent
behavior handling Although these characteristics do not give s#riat definition for a
SoS, we can use these characteristics to helpsagrdinate between systemand aSoS
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For example, component-elements in a system a@diniate to the system; however in
a SoSautonomyis exhibitedby the component-systems

In another example, theelonging/ownershigharacteristic of a system indicates that
systems tend to be made of components that beftigat single system; whereas in a
SoS, the overall system does not own componengsgstand indeed the ability to do
the system's mission is wholly dependent on thepoorant-systemslesireto provide
their functions. For our purposes, we will consi8eS examples across the spectrum of
characteristics; however, the essential aspedbas the component-systems of a SoS
must have independent, useful functions within ami$ide the SoS and each component-
system must be managed and maintained for its awpoge. Such a stricture heightens
the complexity associated when such systems aregbtotogether. Well known
examples of such complex integrations are the meumyail, contact, and calendar
applications; stand alone and distinct sub-apptioatthat have been melded into SoS.

A counter-example is when multiple independeaguiring agencies come together to
build a system; if each agency brings speciallytedacomponents, not systems that are
functional outside the new system being develofieh that system is not considered a
SoS. Therefore, only whendependensystems are brought together does the true nature
of the complexity of a SoS become apparent. Oftdren a single acquiring organization
is acquiring multiple systems, by using a singlguasition structure system complexities
can be heightened since many component systems ttenide operationally and
managerially independent. This distinction is intpot in order to fully comprehend how
acquisition leadership and architecture engineecay often be separate and distinct.
Moreover, the acquiring senior leadership is buedeor in addition to having to
understand the intricacies of the systems to beigd) along with the complexities of
their own acquiring organization, in order to graise true magnitude of the complexity
of a SoS, the senior leadership must also lookhatentirety of the So3fecycle;
development, implementation, and verification &t tiser level.

What differentiates Sd8adershipandarchitectureengineering?

Discussion on the architectural effort neededa SoS is presented by Luman &
Scotti, (1996). However, this paper focuses onvtbek performed during the execution
of an acquisition program that will integrate sysseinto a larger SoS. The roles of the
acquisition organization personnel, leaders, mamsagend architects, are normally
undefined for the SoS. Rather, imet-centricmanner, large organization effort is placed
on enabling systems in acquisitions to be $&ly It is not within the scope of this
paper to detail what aspects makengt-centricitynor the distinct differences between
systemdnteroperability andintegrationat the different program levels. Yet, there are a
growing number of acquisition programs that layimlato having met the rigors
necessary for the executability mét-centricity.It is important to note that success in the
development phase of an acquisition lifecycle du#secessarily connote success of the
SoS throughout its entire lifecycle as is foundhia case studies below.
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In SoS,typically, methods such aspen architecturesrealized through multiple
numbers of technologies, such service-oriented architecturgsire the principal ways
traditional system acquisitions defend their SoSitmm (Luman & Scotti, 1996).
However, for each actual SoS, typically there issimle program manager who has
authority over the whole set of component-systems.

Leadership and architecture engineering wiirs remain differentiated at the role
and responsibility levels (Homrig, 2001). In normalrcumstances, architecture
engineering takes place early in the design phéskeoprogram where influences that
will remain in place for many months or years inaguisition, will be posited during
this early effort. While the architecture that le®n decided upon may be modified over
time, the principal themes and goals normally renmatiact. In a sense, we can view such
an arena as being generally stable and predictabém though such architectural
engineering may be dealing with anprecedente&o0S.

The corollary, however, frequently does notdniar the roles and responsibilities of
the acquisition leadership. The leadership rolaek responsibilities expand well beyond
the boundaries of any one discipline and requie¢ the incumbent leader not only be
cognizant of the many disciplines involved in thesSacquisition, but also that the leader
views the multitude of components, including theogle assigned to the acquiring
organization, in the SoS fromsgstemiqgoint-of-view. Hence, there is an early hint that
acquisition ofunprecedente®oS calls for a different, more holistic, pointwaéw on the
part of the senior leadership. The leadership arthitacture engineering in the
acquisition of unprecedented SoS find themselvesving the acquisition differently
based on the roles being performed in the program.

What differentiates between anprecedentetdlersegrecedentedystem?

Finally, we need to consider whatecedentedneans with respect to the architecture
of a system or a SoSPrecedentedsystems, simply put, are those that have been buil
before. This does not mean that the exact sysieirei exact configuration must be built
multiple times, since that would mean that only ofanturing in quantity would
represent grecedentedsystem. We are considering a spectrum of charsiits for
evaluating whether a system pecedented functional capability internal/logical
organization of componentsand relationships to external stakeholders and systems
Considering these characteristics broadly, thd tharacteristic is the most unique, and
generally most descriptive of tipeecedenteahature of a system especially for a SoS.

For each of these characteristics, the ardhitesst understand if prior examples of
systems, or a SoS, can be applied in this contektlaus inform the engineers about how
to design and build the system. If, for examplewrdata interfaces are going to be
introduced to new users who have never had acwcedket data before, then those
interfaces arainprecedenteddesigners and engineers will not have prior exampn
which to base development. Also, consider if aanag is moving from using human
judgment to automated analysis, as will be seendase study below in a larger SoS; in
this case the system being acquired mayarecedentedin that its requirements are
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more specificthan those that do what the person currently dees, may take several
iterations of operational systems before requirdmevill accurately reflect what the
system requires.

3. Acquisition Leadership Dynamics
3.1 Leadership and Management

Regardless the human endeavor, leadership d&xs & common thread that has run
throughout. For most of recorded history, leadgrdias been relegated to the study of
traits that an individual leader exhibits or whether ithéividual leader can be perceived
to be agreat manaffecting his time. With this history, leaders wer@mally measured
by the traits they exhibited that had been found to represeathbsttraits of great
leaders.

Beginning with Taylorism (Wren, 1994), tlwery best merwere sought out as
representative not of leaders but of the best mama fob. In order to elicit the very best
from suchbest mensupervisors were called upon to better superersmanagethe
workers who they supervised. Hence, the evolutiananagement tools came into vogue
and began to take on the rhythm of a science vgprapriate metrics and improvement
movements. By this juncture, the conceptieatiershipandmanagemendiverged.

This approach remained the principal focus anagement training throughout most
of the last century. Extensive tool-sets have bapplied in order to better manage
human endeavors, like acquisitions, while the tbecal premise for leadership has
languished. Toward the late decades of the 198@Is1890'’s, it began to be realized that
the focus onmanagers doing things rightecessitated a set of talents that required
leadership. This focus led to the understanding effactiveleaders did the right thing
(Bennis, 1987)As stated by Kuhn (1996), science changasadigmsas older theories
are found to no longer be sufficient to explain tlymamics associated with changes in
impacting environments. What has led innovativenkars, in the field of leadership
study, to newer premises is that, fundamentallggdées and managers, while ultimately
striving for the same long term goals, will utilidéferent approaches for arrival.

Similarly, a large body of work in organizatadheadership theory was begun based on
the seminal work by J. M. Burns (Burns, 2003 & 1Q7@hd has been focused on the
identifiable difference between performing workngsatransactional leadership stykes
opposed to performing work usingt@nsformational leadership styl@he difference
may seem, at the surface, to be moot because takd leadership styleand would
be applied solely on the whim of whether the indinal leader felt more comfortable
with one style or the other. However, such has Ipgewen not to be the case (Hay, 2007,
Bass, Avolio, Jung, & Berson, 2003, Homrig, 2001B&ss, 1999 & 1990).

What has been identified in the research te Hat been that using ttransactional

leadership stylds greatly dependent ostatic, understoodand predictable situations
which are closely related to the definition gpr@cedente®&oS acquisition. On the other
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hand, using aransformational leadership styles greatly predicated on the situation
being unstable, fraught with uncertaintgnd unpredictable.These same variables are
found in the description of amprecedente®oS acquisition.

To better describe the difference between the leadership styles, the fundamental
linkage flowsare shown in Figure 1, below.

Individual
Level
Action/Working
Group Level
Transactional

Leadership

Transformational
Leadership

Group Level

Organization
Level

! Adapted from Bass, B. M., Avolio, B. J., Jung, D. I., & Berson, Y. (2003). Predicting unit performance

by assessing transformational and transactional leadership. Journal of Applied Psychology, 88(2), 207-218.
Figure 1 — The Differentiation between Transformatonal and Transactional
Leadership Styles

Take-away points include the fact that in apgyatransactional leadership stylas

on the right side of the diagram, discrete trangastoccur as the leader requires a
particular action to be performed by someone oressubordinate organization where
there is the expectation of some measure of descretvard being supported upon
completion of the task, hence the basis dfamsaction The transactionalapproach is
closely linked to the management of discrete tasyiring little in the way of visioning
or attention to the individuals being tasked. Moo each task can be managed
separately without necessarily taking other vaeslhto account.

In the case on the left, depicting the meystemicperspective ascribed to the
transformational leadership styléhe leader makes a conscious effort to includasror
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her consideration all applicable variables assediatith the task or task-set that is under
consideration and the broader programmatic impaach fvariables that are not linked to
specific tasks. This approach would be held tsysemidn nature. In keeping such a
systemicperspective in mind, the leader in question ensthas fewer unknowns can
impact on the discrete tasks or on the acquisd®@ whole. Not that thenknownswill

not occur but that they will, in fact, be viewedka®wns.

Moreover, as Bass and Avolio workedoggerationalizeBurns’ theory, they developed
the Multifactor Leadership Questionnaitbat provided a mechanism for ascertaining
specific components that make up tiansformationaland transactional leadership
styles (Avolio & Bass, 2006 & 1999 and Lowe & Kr&ed996), and how they would
impact the effectiveness of an organization in plesuit of the organizational goals
(Bass & Avolio, 1994).

As a starting point, in Table 1, is listed avfef the benefits and barriers associated
with using one leadership style over another.

Transactional
Maintains subordinate levels &

Transformational

Builds subordinate capabilities &
potential through experiences

Builds trust, understanding, &
morale

Encourages multi-linear capability
focusing on maintaining or
reducing schedules

Enables innovative approaches to
reach solution

Enables perception of value to
overall mission success and
effectiveness

Provides capacity for transfer of
knowledge

Requires trust

Requires appropriate training

grows individual experience

Focuses on “wait for direction” work
ethic

Encourages linear actions focusing
on extending planned
schedules

Has neutral impact on applying
basic solutions

Limits perception of value to overall
mission success and
effectiveness

Provides individual with narrow
experience profile

Does not encourage trust

Does not require much training to
maintain competency

Table 1 — Benefits and Barriers Ascribed to Transfomational and Transactional
Leadership Styles

There is not aaluationassociated between the thweadership styledt is noted that
there is not amll or nothingscenario ascribed to either leadership stylettengting to
be effective, a leader who has attained an undelisig of the two styles will judiciously
apply the style in the context of the situationd(Elohnsen, Brun, & Laberg, 2004). What
does demonstrate a differential between the twiestis when a leader has not been
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apprised of the power of usingtmnsformational leadership styland subsequently he
or she might not have had the opportunity to sidyone that capability.

3.2 Organizational Structure Affecting Success

When organizations are studied for their effjcgScott, 2003), the underlying
message that is taken away is that no one orgamaaistructure fits all situations or is
best suited for the attainment of all goal-setgjuisition organizations, however, tend to
be principally structured hierarchically. In alleharchical acquisition organization there
exist a dynamic betweeleadership managementand thetechnical engineersvho
execute the acquisition programs. The mental mo@skribed below addresses this
dynamic.

In the authors’ extensive study of the strumtwwonnections betweeleadership
managementandtechnical engineerand those addressing the connection between the
leader and the led, it was found that as reseaashekpanded the knowledge base in the
discipline of leadership, more and more frequefttly various leadership concepts can
only be articulated using ever-more complex memtatlels of the combined dynamics.
Initial leadership models were derived from psyclgatally-based personality behavior
and trait research. However, those models did nffice yet have created extensive
leader behavior categorizations that confuse |sadgrto how to execute their roles and
responsibilities. Based on the myriad of checkslisind strictures posited by the
counseling hosts, the individuals who were chargedulfill leadership roles remain
unsure as to what their relationships with theirkiarce are and how the associated
dynamics should play out to attain success.

After many years of research and discussianrehlization came into sharp relief that
perhaps more complex models of leadership wersfaetdry from a research stand point
but such complexities were masking the importantsages about the dynamics between
leadership managementandtechnical engineering executicand, therefore, were not
accomplishing the desired goal; the extension dadéeship understanding and
application.

The context of the dynamics tdadership — followershigHock, 1999), naturally
drives toward a position where senior leadershgzledo be, or at least needs to seem to
be, in balance with middle management and bothasineust seem to be, in balance with
the technical engineers who must execute the atqui¢Sisti, 2007). Before describing
this mental model of leadership a couple of critaefinitions should be put in place.

Balance— Rather than use the tetromeostasisthe wordbalancewas chosen to
represent the dynamic component in the formulas Tainot balance in the sense of
counter-balancing as in a two-armed scale but ratfa¢ance in the context of one
component in the formula not over-burdening anott@nponent as they exist in an
organization’s hierarchy.
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Senior Leadership- The organization senior leaders are the visipnamponent
of the organization and are responsible for pusHimg envelope of action in an
organization. It is their role to continually semkvement.

Middle-Management- The organization’s middle-management constitubes
component of the organization that has the abigitgxtend themselves in order to react
to modifications in the organization that are bhntugbout by outside environmental
forces or at the directional movement of the sel@aders of the organization.

Technical Engineers- The organization’s technical execution enginearns
rooted in their place by assignment or contrachwiry little flexibility. They look to
their management and senior leadership to proid@écessary guidance and protection.

Linkages — The three components described above have tdiscotes and
responsibilities within the acquisition organizatithe success of which is predicated on
the linkages between each of the components siagtly severally. It rests upon the
strength of these linkages as to whether the irdtion flow that traverses the linkages
represent a benefit or a barrier to the ultimatecsess of the organization and the
acquisition.

With a grateful nod toward the principal of giamony, Occam’s razor (Audi, 1995), as
the premise for a graphical representation ofrtiaslel it began to take on a driving form
with the goal to ensure that the mental model v&astaight-forward as possible while
still identifying the dynamics involved.

Using aword-description,the model is graphically represented by envisiorang
individual’s arm from the elbow to the tips of tfiegers, held in a vertical position, with
the hand at the top representing the organizasenior leadership the forearm
representing the organizatiomiddle-managementand the elbow representing the
organization’s executingechnical engineersin the vertical position, it is easy to
envision that if any of the three component segmané out of alignment, dinkage,
with one another, the organization is outbalanceand hence, the effectiveness of each
component in the accomplishment their respectilesrbecome dysfunctional and often
contra-productive. More importantly, the organiaatiis placed in jeopardy of failure.
The normal dynamics of the individual organizatiomamponents create a constant
tension between them because of the content ofrispective roles.

Senior leaderships responsible for and expected to take the orgdion into
innovative situations thereby generating risk ofufe in the organization but also the
potential for advanced opportunities. At the otbed of the organization spectrum, the
executing engineerare bounded by the constraints put in place byotiganization as
they apply to a specific acquisition.

It is the organization role of the intervenimgddle-managershat is in most jeopardy

in this environmental tension. Asenior leadershipmoves further away from the
contractual boundaries of thexecuting engineerst is the middle-managersvho are
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expected to act as the buffer in dealing with thesions created. Unfortunately, it is
normally themiddle-managemwho has not been adequately prepared to deal suith
tensions and therefore, the organization is oneédg jeopardy of failure.

It is a solution for this discontinuity thatlisafor a transdisciplinary approach to
applying successful leadership in an acquisitiaganization, especially when pursuing
the acquisition of a SoS.

3.3 Leadership-Architecture Dynamic

In the dynamic between leadership and architectve need to understand what an
architecture is and who generates architecturesimal systems. Then we can examine
issues in how the relationship between leaderstpaachitects impact the system or SoS
being acquired.

Architectures are defined by various fashiaut, dne definition brings together many
of the common aspects: “Architecture: ... (4) Thgamizational structure of a system or a
software item, identifying its components, theitenfiaces, and a concept of execution
among them.” (IEEE, 2007). For a SoS, its archutec would consist of systems in
addition to components, as not every element ad% 1Bust be a system. Although this
definition tells, us what the architecture is, @ed not put that architecture into the
appropriate context. For that, we need the archite

System architects, for our purposes, are tloplpewho develop applicable system
architectures. For most systems, this is a functissigned to the system engineering
team and delegated to an individual or sub-teanexatained in the INCOSE Systems
Engineering Handbook (INCOSE, 2006). Examining &nehitecture in this way, we
differentiate the technical activity of achieving@nsistent logical architecture that meets
requirements from the requirements developmentigcthat would drive the creation of
an architecture. These system architects estatblessitommon technical vision for the
teams of engineers that will design, produce, tasd, deliver the desired system. Minor
divergences between the view of these architectsiagers, and senior leadership can
lead to a technical system that is out of alignnvatit organizational goals.

To accomplish their goal of articulating a teicial vision, yet not overly constraining
designers and developers, architects use a vadktynethods, two examples are
abstractionand simplification (INCOSE, 2006). In attempting to simplify the &m,
architects must balance the desire to model thiesys such a way that it appears as
simple as possible, but no simpler. An overly ctaxpnodel may be meaningless to
managers and senior leaders, while an overly simplgel may enable engineers to build
a system that is not useful. In a similar way,t@asion is accomplished through
modeling. If the architect chooses models that rawe appropriate to the problem
domain, then regardless of the abstraction's ehsmderstanding, the model may not
communicate essential information about the systember design. At bottom, these
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abstractions and models help leaders and manageve What details can be “left in the
design space”. However, there is a danger.

Box observed that “all models are wrong, bunsaare useful” (Box, 1979). The
architect must utilize this fact in a delicate Ioaiag act. In one way, choosing models
that managers may already know will help determathech details are unimportant to the
given level of discussion, and thus can be lethtodesigners and developers. However,
when the architect is working with aanprecedentedsystem, or a system in an
unprecedented contexnodels from previous experience may abstract aledsils that,
while previously unimportant, are now essentialthe success of this unprecedented
system.

For a SoS, Box's statement is even more codiogn Constituent systems may have
architectures that provide insight that was appab@r during their individual
developments. When composed with a number of athstems, a quality that is un-
modeled in any of the systems may become essémtitie SoS to achieve its goals. In
this way, the models and architectures selectethBocomponent systems may not truly
inform what needs to be modeled at the SoS archreetevel.

Thus, architecting annprecedente®oS is a difficult activity for the architect. @h
architect must figure out what methods to employthwhe understanding that the
previous experience and currently utilized modets/rhe inadequate for expressing the
scope of the system to the various stakeholdenger @&liance on a priori models may
result in the utilization of models that do not egiately reflect the reality of the
system, or worse, force design decisions that caple the needed system. In a similar
fashion, leaders and managers of architects mudt with the fact that because the SoS
is unprecedentedhat they must both shape themselves and thétestshto do what is
necessary to deliver a successful system.

Finally, acquisition technical architecture®pde the mechanism between which
technical and non-technical programmatic elementrmbnize the acquisition
environment. Elements such as budgets, contraetefaicles, multiple requirements
communities, and multiple user communities mustskeved by the leadership and
management of the acquisition. Many of these etgsnmay have questions requiring
technical analysis. Depending on the phase ofpilegram lifecycle, the technical
execution may be within the program office (durswncept definition), with the prime
contractor (during system design and productionipdhe operating organization (while
the system is operational). Thus the architectstnosonsider all the issues raised in
developing a SoS architecture to serve all thedeshblders.

4. Observed Case Studies of System-of-Systems teichh(architectural) interaction
The following three different cases were selédiecause they are representative of the
three aspects of the acquisition lifecycle of a &uShtioned earlier; development of an

unprecedented technology, the operationalizatioa 8bS, and the verification that the
developed SoS meets the user's needs. The threetesklcases are briefly presented
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below as offering insight into the linkages ideetf earlier in the mental model and the
impact of such linkages. The selected case stualss illustrate where a technical
solution was successfully produced, but due to atiggtments from the leadership
through the management to the SoS architectsytterss ultimately were not successful
either from the leadership or user/customer viemgoi

4.1 MP3.COM —unprecedented technical successsmanagement failure

This organization represents the operationalizataina European-designed
MPEG-1 Audio Layer 3 (MP3), audio-specific compreasalgorithm that was marketed
by Michael Robertson beginning in the early 1990fs.bringing the technology to
market on the internet, Robertson tapped into @&etkslirect connection between the
music consumer and the music artists who agreedgséothis site as the distribution
network for their copyrighted works. The immediataccess of MP3.COM was
indicative of the frustration that existed in thensumer base where they are normally
forced to purchase an entire album from outlet®rd of the major music companies
even if the consumer really only was interestedna music track on such an album.

While this innovative approach appealed to thousasfdmusic consumers, the
natural limitations of the numbers of music artistso had signed up for MP3.COM'’s
distribution services demonstrated that the comeayto extend the original innovative
approach to a broader base of available music. TEusto the development of the
MY.MP3.COM service. In order to meet the goalsho$ hew service, MP3.COM had to
literally have the rights to every track of musat had ever been created. In creating the
server-based music library, MP3.COM did not neadlgsgain such rights. It was at this
juncture when a series of law suits were brouglaireg the company. Many of these
were settled outside of the court but in one cédmesuit went to trial which ultimately led
to a negative judgment of up to $53.4 million agaiMMP3.COM for copyright
infringement.

Mr. Robertson eventually sold the company to Vivehtt. which in-turn sold it
to CNET NETWORKS which now operates the companyeuit the music library.

4.2 Surface Assessment Robot (Integrated Consttion Management) —use of a
precedented technical solution in unprecedented operational
environment/management failure

The case of the surface assessment robot (&gt2007) outlines a technical triumph,
but an overall acquisition failure. This robotystem was intended to replace the manual
inspection process that assesses the smoothnessoaflway to be used by automatic
vehicles with standing passengers. Overall, tletesy delivered a 100-to-1 return on
investment (realized through greater than 100-&&lings on operations effort for the
inspection), which included funding its researcld development in the first operational
evaluation. However, ultimately several factorgareling how the acquirer viewed
potential architectures led to an over-constraingtuation that prevented the
development of an operationally suitable system.
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To the acquirer, the requirements essentialyewto “do the inspection like our best
expert”. The development team had access to thererver many technical meetings,
field observations, and personal interviews. Atbe,development team became familiar
with all the various contractual obligations, regaients from the licensed civil engineer
who oversaw the roadway construction, and orgaoizalt requirements, which included
requirements for collecting and reporting processiation information to a quality
assurance and process improvement office.

The issue rapidly came to a point in a diffeeerbetween the designers at the
developer and the acquirer's engineers about heitbeise profile data to identify road
smoothness deviations. After the principal roadfif@ sensor was selected, the
developers wanted to simulate traffic over the sdngrofile, to determine if the ride
quality of that profile is sufficient. Howevehd acquirer wanted to treat the profile like
the human and only identify when absolute deviatioocurred in the profile (essentially
when the amplitude of the roll of the road exceadsertain threshold over a given
length). The acquirers insisted that their methad how the field inspectors operated,
and that method must be how the new robot intesphet data.

At the same time this is occurring, the acepgrcompany was being bought by a new
parent company. In this new parent company, iniovavas to be performed “off-the-
shelf”. The new parent company did not believesponsoring custom developments,
preferring instead to utilize systems that wouldehéong-term support from a vendor.
Since the corporate resources for the project ead sommitted, the project was allowed
to continue, with the understanding that the aegsiand developers would only have
one operational assessment opportunity to demaeedtnair system. This environment
prevented any form of competition between the idgabe acquirers and developers. In
this case, the acquirers prevailed in directing thair method of interpreting the data
would be utilized. Although the topology of theclaitectures between the acquirers and
the developers was the same, the nature of onéheofbbxes, and thus the exact
information that would be relayed to the whole gmige, was fundamentally different
between the two.

When the system was finally brought out to fibkl for operational assessment on a
freshly constructed road, the system marked twersréf magnitude more deviations
than anticipated. Initially believed to be falsespives, on manual inspection, all the
deviations were validated. This came as a surpoigequirer and developer alike. The
developers had access to sample roadways. Howesaoadways had been used for
testing by the acquirer for years, resulting in rmosthing out of the very minor
deviations. Further, the inspector indicated thast (99%) of the deviations were so
minor that he would not have reported them. Taet had not been observed during the
field observations, nor in any interviews. Dudh fact, and some additional concerns
about the operations mode of the robot which asngisg system required calibration,
the system was not utilized beyond the operatiaaséssment.
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4.3 Force Transformation — A Network-Centric Ogerations Case Study: US/UK
Coalition Combat Operations during Operation Iraqi Freedom — unprecedented
technical success/leadership & management failure

The Department of Defense Office of Force Tiamsation conducted the subject
Network-Centric Case Study in 2003 to assess Uitates Forces and United Kingdom
coalition combat operations using the Network Qer@perations Conceptual
framework as the basis for analysis. The commoeldement product on which the
study was focused was the utilization and efficaicthe Force XXI Battle Command
Brigade and Below (FBCB2) Blue Force Tracker (BFarthe FBCB2/BFT System as it
is commonly known, as the demonstration (Offic&-ofce Transformation, 2005). This
was to be a comparative study with the researghesiing that each set of coalition
units use as a baseline the situational awarersagdovided by whatever mechanisms
and equipments that the units had used in the jpagst,to the receipt and training on the
FBCB2/BFT equipment. Moreover, the FBCB2/BFT cornaepresents a SoS based on
the facts that the FBCB2/BFT equipment are madefapGlobal Positioning System
mounted on unit vehicles, using satellite commuiooa extensively to move massive
amounts of friendly unit data around the battleezona secure manner, and in a
relatively short period of time making coalitiorognd commander decision-making as
real-time based as possible.

While the original intent of the study was dgsd to ascertain the improved
situational awareness provided through use of BeB2/BFT SoS, between coalition
forces, it was found that there were limitationplace because of the difference in the
numbers of FBCB2/BFT systems that were deploydatercombat units of the selected
United States Forces and those of the United Kingdo short, this limitation meant that
the researchers had far fewer available userdgdoview in the United Kingdom Units
than the number that were using the equipmentaruthited States Forces. An original,
extensive, interview plan that had been developasi mwodified when the research team
was in country based on the lower density of acdysiem users that were found within
the United Kingdom forces.

Even with the limitations presented by the densitybFBCB2/BFT equipment, the
study was conducted and the available data wayzathl The reported analysis reflects
the lowered density of equipment and hence, limdealition conclusions were drawn.
The researchers were able, however, to providetiaddi clarity concerning the
situational awareness and the dissemination of itifatmation among impacted units
thus verifying earlier development conclusionswls noted that the lower density of
FBCB2/BFT equipments found in the United Kingdomitdrinad been based solely on
decisions made by their Unit Command and Contreddnchy.

4.4. Analysis

In the case of the Surface Assessment Robobhserve a situation where the
leadership of the sponsoring company desired asftvemation of their business.
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However, when execution began, leaders and mandaeksd the ability to change
themselves, to adapt themselves and their guidamdeing thisprecedentedechnology

to their enterprise in annprecedentefashion to achieve their goals. In many ways, the
leaders and managers desired a Commercial-Of-Th#-l8te solution that could be
plugged into their organization with minimal petation of people's view of their jobs.
The inability of the leadership and managementperate an inransformationalfashion

led to a prescriptive requirements environment whalthough the developers conceived
of transformationalsolutions, the required trust was not presentn@bke leaders and
managers to accept those solutions.

In this case, the system developers were ablettbnrages established between
the various entities that were going to be impattgdhe new surface assessment robot.
Through a significant number of stakeholder mesatingtakeholders were kept well
informed about how the robot was being designed \aodld operate to meet their
individual goals. However, the architecture effavhile significant, was only successful
in guiding the downstream design and developmetvites, and had no success
working to change the operational environment artigasformational involvement from
the customer stakeholders. Thus, due to the ttdoral approach, a set of requirements
were established that had no valid design spadas meant that no system could be
designed that could meet the requirements, duenk®rént conflicts within the
requirements. Of course, there was no way to tibgdg demonstrate that this was the
case, because no models existed for the architecghow that these requirements
wouldn't work. Essentially, due to the unpreceddnbperational concept, designers,
architects, managers, and leaders did not knowr thgpression of the system
requirements was unachievable. Ultimately this @Wesionstrated when the robot was
deployed for its operational assessment, and whdecustomer validated that the robot
met its requirements, including business case reougnts, those requirements did not
lead to a robot that would satisfy their desir@hus, the robot remains unused to this
day.

In the case of the MP3.COM, we see the operalimation of aprecedented
technologyin an unprecedented approach using the intern&fith the creation of the
company, the older technology was connected tantteenet in a manner in which the
most efficient methodology for presenting commedraoiasic selections to a demanding
consumer public led to a SoS that effectively reetbthe middleman represented by the
large music distribution companies and their whaolytrolled music outlet retail chains.
In retrospect, this operationalization was extrgmedfective and initially the largest
problem that MP3.COM faced was a matter of being &b scale up to meet the huge
demand that resulted.

Initial success, however, called for a wellugbt out strategy for avoiding entangling
law suits based on copyright infringement. What #enior leadership of MP3.COM
never grasped was that they had to deal with niane the consuming public. Theirs was
wholly a transactional leadership environment basadly on the service provided the
paying consumer hence creating no linkages thatldvassist in protecting the
organization when the competition regrouped andd uge copyright law against
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MP3.COM. The senior leadership needed to have as@ohsformationafocus since the
environment was so unstable and they needed tograpared and structured themselves
to protect their success from the larger musicrghthiat were losing revenue and control.
Neither of these approaches was adequately applieel.necessary linkages had been
ignored creating a deadly void. The mechanism et used against MP3.COM was to
focus on this void with a flurry of copyright lawiss1 Eventually, MP3.COM was unable
to satisfy the judgments and the company was adgidrom under the originators.

In the case of the Network-Centric Operai@ase, the study itself was based on the
unprecedented SoS of the FBCB2/BFT conaagdtwas originally designed to reflect the
impact of situational awareness data within andsxcrcoalition forces. That objective
was not obtained. The research effort was ultingatehsidered a success, as is of course
the FBCB2/BFT equipment. However, the researchlteptovide insight into significant
application deficiencies that can only be attribluie leadership failures.

Although this was a study of coalition situatb awareness connections using the
FBCB2/BFT, there had not been adequate architéaagineering applied earlier in the
equipment roll-out so the density issue was boundause problems later on. Those
problems surfaced during this verification reseakhat is of note was that the decision
to use a lower density of the FBCB2/BFT equipmemds dictated by, and internal to,
the United Kingdom units themselves. This decigiad a direct, negative, impact on the
ability of the highly successful FBCB2/BFT equiprméa raise the overall situational
awareness between the coalition forces. Additignétle capabilities of the concept that
make this a SoS were limited to the extent wheeecibtnceptualization of the original
SoS came under question. In short, the linkagewdsst the senior leadership of the
United Kingdom units and their field users were i$ufficient robustness to have
resulted in the equipment system being adequatejyieed, stressed, and measured.

That this disconnect was observed during arakeutsearch effort provides a well
documented lessons learned, not necessarily orefteetiveness of the FBCB2/BFT
concept and equipments but, rather, on the extewhich coalition forces need to have
equal capabilities provided from appropriate sosirifethe original goal structure and
mission success were to be obtained.

In Table 2, the three cases are arrayed sahtbatader can see how the authors rated
the variables under consideration. Since the tbases represent different phases in a
SoS lifecycle no comparison between cases is ieterM/hat is intended is to point out
to the reader that major disconnects exist in theal execution of leadership issues in
each of the selected cases. Additionally, it shdnélchoted that each of the cases had a
component that resulted in a categorization ofdpsunccessful.

In the Surface Assessment Robot Case, accdmygishe technology development
was certainly a success. In the case of the MP3.@E08] the initial consumer set
certainly viewed it's establishment as a huge sseceer the earlier total control over
the music industry by a few very large companiesweler, the linkages failed to
materialize that would retain the early successwumaately, the MP3.COM failed and
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is still operating but as a shadow of its origiself and promise. In the Network-Centric
Operations Case, the SoS components that weregdamsUnited States Forces, have
been a resounding success, yet when extended toitibal coalition United Kingdom
forces the entire purpose for existence eludeddaétion connection.

Variable/ MP3.COM | SA Robot FBCB2/BFT Comment
SoS Case Start-Up Development | Study
Organization Structure

(Transactional in Large Large Large
Nature)

Organization Structure

(Transformational in Small Small Small
Nature)

Architectgre Small Medium Medium
Engineering

Linkages .

Established Small Medium Small
Decision Agents .

Being Well Informed Medium Large Large
Technical Expertise Large Large Large

Legend - Level of Effort : Small, Medium, & Large

Table 2 — SoS Case Studies by Variables
5. Initial Thoughts on a Leadership Model for Acquring Unprecedented SoS

While performing their acquisition work roleses the past decade, the authors have
been surprised and dismayed to find that therdobar no effort devoted to casting light
on the connecting dynamics described above in aitouis of bothprecedentedand
unprecedentedsystems, other than the reliance of attemptingeftne management
techniques Additionally, issues associated with rising coexply across and among
systems being acquired, pose a growing dilemmaoashiether current management
techniques will ever be robust enough to handlammgtions in the future that are going
to be called upon to deal with this change in agitjan paradigms.

As the bulk of the affected acquisition comntyrgontinues to refine management
techniques in théopethat at some point they will attain that placebalancewhere
acquisitions respond positively to the simple aggilon of these refined management
mechanisms, it becomes more and more evidenthighdpeis not a success-oriented
approach to the growing situation. Two issues obtdhere is virtually no clear
understanding of the differences between the dityimoles and responsibilities of the
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senior leader, middle manager, and technical eeginend there is only a limited
understanding of the impact thaansformationaland transactionalleadership styles
have on theeffectivenes®f an acquiring organization and the overall asijoin. This

paper is designed to begin filling this compoundp ga our ability to acquire
unprecedente&oS.

The necessary leadership model under develapmwidrhave to meet a number of
specific, and orthogonal, criteria in order fortatbecome successful; (1) it must be as
simple as possible but no simpler, (2) it must épresentative of éiving systema
concept extensively articulated in Miller (19783) {t must include a point-of-view that
encompasses all of the variables that impactuth@recedente®oS in question, (4) it
must be robust enough to incorporate lthkage dynamicgassociated with the acquiring
organization’s hierarchical structure in order tws@re acquisition succesacross the
whole lifecycle including development, operationalizatioand user verificationand (5)
it must be encompassing in scope so that the theodel can easily adapt to the type of
the SoS; and therefore, the leadership approaapniestic as to SoS type, condition, or
situation. In short, the proposed leadership madekt be aSystemic Leadership
Theory/Model.For such a theory/model to be developed it muspreelicated upon a
transdisciplinarybase. This paper lays the groundwork for such @mist¢he first decade
of the 2F century acquisition environment.

6. Conclusions

The paper has identified the fundamental flawde found in today'sacquisition
leadership and management approacheSda8acquisitions. Where acquisitions have
been focused omrecedented systenwmiccess has been attainable in the past but as
growing complexity and requirements force mameprecedentedacquisitions to be
attempted, past points-of-view no longer obtairccess becomes less and less attainable
without unlimited resources and time being factonet the initial plan. Since that
perspective is inappropriate, a fresh look hasdddken at the variables that exist in
today’s acquisitions.

In order to establish a common frame of refegespecific terms call for clarification
and broad understanding. Whether the acquisiticacgiiring asystemor a system-of-
systemsecomes an important differentiator as does theenst@hding of whether the
acquisition isprecedentedor unprecedentedMoreover, success-oriented acquisition
organizations require that a clear understandingf®relating to the respective roles and
responsibilities of the acquisitiogenior leadership, middle-managemesmd technical
engineers.To fully understand how those roles and respolits#isi will be identified and
applied, the acquiring organization must understidneddifference betweeleadership
and managemeniand betweentransactional and transformational leadership styles.
Without these common understandings, all attemptsestablishing architecture,
organization, tools, techniques, and legal bouedari suffer.

The authors have engaged the laying out optbblem and begun the evolution of an
answering theoretical approach and model 8ystemic Leadership Theory/Model
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